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Flood risk assessment using satellite image and SRTM DEM data: a case
study in eastern Dhaka, Bangladesh
Muhammad Masood1,* and Kuniyoshi Takeuchi2

Abstract: Recent advances in Geographic Information Systems (GIS) and hydrological
modeling techniques allow their powerful integration. Since flood modeling has greatly
improved it is believed that these advances will provide for a more efficient and a more accurate
alternative to traditional methods for studying watersheds. In this paper, assessment of flood risk
by developing a Flood risk map for eastern Dhaka was carried out by hydrodynamic simulation
with the integration of satellite image (DigitalGlobe image; Date of imagery: 7 th March 2007),
DEM data from SRTM and the hydrologic field observed data. As the topography of the area
has been considerably changed due to rapid land-filling by land developers which was observed
in recent satellite image, the acquired DEM data was modified to represent the current
topography. The inundation simulation was conducted using hydrodynamic program HEC-RAS
for flood of 100-year return period and a flood inundation map was prepared according to the
simulation result using the software ArcGIS. Finally, to assess the flood risk of that area, a Risk
map was prepared where risk was defined as the product of hazard (i.e. depth of inundation) and
vulnerability (i.e. the exposure of people or assets to flood). This map should be helpful in
raising awareness of inhabitants, in assigning priority for land development and for emergency
preparedness including aid and relief operations in high risk areas in the future.
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1. Introduction
Flood-risk mapping is often the first step for flood-risk management (Plate 2002), and provides
needed data for settlement planning, design of infrastructure, and flood mitigation and response
planning. Risk analysis yields hazard or risk maps, which can be created using Geographic
Information Systems (GIS) based on hydrological observations of the frequency, magnitude,
and duration of flood events, as well as Digital Elevation Model (DEM) that characterize the
topographic basin within which flood events occur. Flood risk map can be used to identify the
weaknesses in a flood defense system and the patterns of vulnerability of human infrastructure.
Because of increasing population densities in flood-prone areas throughout the world, as well as
land use and climate changes that affect flood dynamics, and the combination of these in
historically less information-rich developing countries, efficient food-risk mapping is an
increasingly critical tool (Qi et al. 2009).
DEM has been used in various ways to aid flood mapping and modeling. They have been used
as integral parts of GIS databases aiming at hydrological modeling (Correia et al. 1998; Singh
and Saraswat, 2016) and for modeling the spatial extent of inundation. However, DEMs are
often unavailable or of poor quality (i.e., resolution and accuracy) relative to needs for
modeling, especially in developing countries. Availability has been improved with the
completion of the Shuttle Radar Topography Mission (SRTM), an international research effort
that obtained DEMs for nearly the entire globe. SRTM consisted of a radar system that flew on
board the Space Shuttle Endeavour during an 11-day mission in February of 2000 (Lehner et al.
2006; Rabus et al. 2003). SRTM may be used for inundation modeling, but, similar to other
DEMs, special attention needs to be paid to the quality of inundation models based on DEMs in
any given situation (Sanders, 2007).
Satellite-based remote sensing images have been used to map the extent of flood inundation
since the early 1970s (Qi et al. 2009). It is an economical and efficient method for flood hazard
mapping and deal with the problem of inadequate data source in developing countries (Wang et
al. 2002 cited in Ho et al. 2010). However, the GIS must be combined with an applicable
hydrological/hydraulic method to estimate the extent of flooding associated with a given return
period (Werner 2001). Different approach were taken to assess flood hazard in previous several
studies (Pradhan 2009; Dewan et al. 2007; Dewan et al. 2005a,b; Al-Hussaini 2005; Dewan and
Nishigaki 2004; Nyarko 2002; Mohit and Akhter 2000; Islam and Sado 2000) which were
mostly based on satellite images collected from RADARSAT, SAR (Synthetic Aperture Radar),
NOAA, AVHRR etc. without conducting any hydrodynamic simulation. In this study an attempt
was taken to assess the flood risk of eastern Dhaka by developing a inundation map through 1D
hydrodynamic simulation on the basis of DEM data and the hydrologic field observed data and
finally a Flood risk map was prepared where risk was defined (Apel et al. 2009) as the product
of hazard (i.e. depth of inundation) and vulnerability (i.e. the exposure of people or assets to
flood).
The paper is structured as follows: In Sec. 2 detail of the study area is presented. The data and
tool used for this study are briefly described in Sec. 3. Methodology is presented in Sec. 4,
explaining the steps followed to prepare Flood risk map (Sec. 4.4). Results and discussions are
given in Sec. 5. Section 6 contains concluding remarks.
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2. Study Area
The Eastern Dhaka extends from Demra to Tongi. A large part of this area is covered by the
flood protection and drainage proposals referred to as FAP (Flood Action Plan) 8A, consisting
of a continuous zone extending along the eastern side of the city, from Narayanganj in the south
to Tongi in the north (Halcrow Group Ltd 2006a). Eastern Dhaka has been divided into three
compartments in the proposed Dhaka Integrated Flood Protection Project. For this study, the
middle part (Compartment-2) with an area of 37.16 km2 was selected as study area.
Geographical location of the study area in between Latitude N 23 045’50” to N 23050’30” and
Longitude E 90025’09” to E 90029’30”.
Western part of the area is mainly built-up area and eastern part is low-lying flood plain area
used for cultivation. In recent times there has been a considerable amount of peripheral
development by means of land fill, particularly in the central and southern portions of the area,
close to the city center. The study area can be classified into five types according to land use
pattern; built-up, agricultural land, land filled, tree and channel. A detailed land use map was
created (Figure 1(c)) according to recent satellite image (Figure 1(a)).
The study area is exposed to the main urban stream in the west and river Balu in the east. Balu
river offtake water from Tongi Khal and outfall to Lakhya river. Average width of the river is
100 meters. Average recorded discharge in dry season (February and March) and in monsoon
(August) is 60 cusec and 744 cusecs respectively (BWDB 2005).
3. Data and Tools
The study utilized a number of topographical and hydrological data including DEM, satellite
image, river cross-section, discharge and water level. Topographic data are crucial for flood
inundation modeling and it is best to use recent and highly accurate topographic data. However,
this is not always feasible given time and budget constraints and therefore it is of interest to use
DEM that can be accessed online and downloaded without charge (Sanders 2007). In recent
times, DEM become very important data sources for geoscientists and has been intensively
using in a wide range of topographic analysis, flood modeling and other natural studies (Dewan
et al. 2004b). A DEM is a representation of continuous elevation values usually at a fixed grid
interval over the surface of the earth (Lehner et al. 2006). DEM data for this study was collected
from the HydroSHEDS (Hydrological data and maps based on Shuttle Elevation Derivatives at
multiple Scales) (HydroSHEDS 2010). It provides hydrographic information in a consistent and
comprehensive format for regional and global-scale applications. It offers a suite of georeferenced data sets (vector and raster), including stream networks, watershed boundaries,
drainage directions, and ancillary data layers such as flow accumulations, distances, and river
topology information (Lehner et al. 2006). HydroSHEDS is derived from elevation data of the
Shuttle Radar Topography Mission (SRTM) at 3 arc-second (90 m) resolution. Preliminary
quality assessments indicate that the accuracy of HydroSHEDS significantly exceeds that of
existing global watershed and river maps (Lehner et al. 2006). It may appear quite attractive in
cases where high resolution surveys (such as LiDAR or IfSAR) are cost-prohibitive and there
are other, larger factors of uncertainty. It is advantageous for flood modeling that SRTM vertical
accuracy is better on relatively flat terrain, such as flood plains, compared with high relief area
(Sanders 2007). As Dhaka has flat topography elevation ranges varies from 0.5 m to 12 m, with
70% of the total area within 0.5 to 5 m (Halcrow Group Ltd 2006a), DEM from SRTM was
chosen for this study.
3
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Satellite image of the study area was acquired from Google™ Earth (DigitalGlobe image; Date
of imagery: 7th March 2007). As the area is rapidly urbanizing, a lot of land development was
identified by superimposing the image over the DEM. So, for reliable analysis some
modification was done to update the collected DEM which is described in Section 4.2.
For DEM data processing and mapping, ArcGIS (ESRI 1999) and for hydrologic simulation
HEC-RAS (Hydrologic Engineering Center 2002) was used. HEC-RAS, a 1D hydrodynamic
model is commonly used to predict flood stage, and to map inundation by extrapolating channel
centerline flood stage predictions to over bank areas (Sanders 2007). For geometric data, which
is data to perform the spatial analysis, the HEC-GeoRAS tool has been applied. HEC-GeoRAS
uses the functions associated with Spatial Analyst and 3D Analyst extensions of ArcGIS. It is
specially designed to process the geospatial data. It is used to create a HEC-RAS import file
containing geometric attribute data from an existing DEM and complimentary data sets (Ahmad
et al. 2010).
4. Methodology
The methodology for developing a Flood risk map has been shown as a flow chart in Figure 2.
Important steps of this methodology have been briefly described below.
4.1. Geo-referencing and Projection
Collected satellite image was geo-referenced according to the geographic coordinate system
(GCS_WGS_1984). DEM was also in geographical coordinate system. Geographic coordinate
systems indicate location using longitude and latitude based on a sphere (or spheroid) while
projected coordinate systems use X and Y based on a plane. Projections manage the distortion
that is inevitable when a spherical earth is viewed as a flat map. Projected coordinate system
used for this study is WGS_1984_UTM_Zone_45N which is suitable for Bangladesh (ESRI
1999).
4.2. DEM Modification
When using DEM for flood modeling, there are several limitations to consider. No DEM can
resolve channels smaller in width than twice the DEM resolution. Three survey points, one in
the middle of the channel and one on each bank, is the bare minimum for a crude definition of
the cross-section. When channels are not resolved, models are likely to overestimate flood
extent and underestimate flood speeds (Sanders 2007). In this study, Balu river (avg. width 100
m) was not identified in the collected 90 m resolution DEM data. Moreover, it is good practice
to perform ground surveys of study sites when DEM of questionable accuracy are utilized.
Ground survey data can be used to estimate DEM accuracy or can even support additional data
processing by providing a basis for ground-truthing the DEM (Sanders 2007). Here, the
acquired DEM data was based on satellite mission of year 2000 (Lehner et al. 2006). After that,
a lot of land development work have been completed in this area which was observed in recent
satellite image. So, the DEM was modified according to current topography. Following steps
(Flow chart shown in Figure 3) were involved in the modification of DEM data. Step 1:
Elevation values of DEM were converted from integer to float format. Step 2: The 90 m DEM
was re-sampled to 30 m resolution using Bilinear interpolation method. Step 3: Then the DEM
data through the river path was extracted and converted into ASCII format and finally modified
4
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the elevation according to actual cross-section of the Balu river. Step 4: The DEM data of land
filled area was also extracted by observing recent satellite image and then raised the elevation.
Step 5: Finally, the modified DEM was merged with the original DEM.
4.3. Inundation map creation
In HEC-RAS the geometric data was imported which was exported from ArcGIS by HECGeoRAS tool. Frequency analyses were carried out with water level data for 32 years (19722004) by the Gumbel Distribution method. The maximum water level was calculated for flood
of 100-year return period and assigned at upstream and at downstream as boundary condition
which were 7.2 m and 7.05 m respectively. Initial flow 100 m3/s was given as initial condition.
With this consideration, inundation depth was calculated with 20 m resolution. Then this data
was exported to the ArcGIS. Inundation map obtained from simulation is shown in Figure 4.
4.4. Risk map creation
The risk faced by people must be seen as a cross-cutting combination of vulnerability and
hazard (Wisner et al. 2004). Disasters are a result of the interaction of both; there cannot be a
disaster if there are hazards but vulnerability is (theoretically) nil, or if there is a vulnerable
population but no hazard event. These three elements: risk (R), vulnerability (V), and hazard
(H), can be written in a simple form (Wisner et al. 2004):

(1)

In this study an attempt was taken to make a Flood risk map. Risk index was calculated by
multiplying vulnerability and hazard index. Average depth of inundation was assigned as hazard
index. And for calculating vulnerability index, percentage of area covered with house/living
place and agricultural land were considered. These steps were followed to prepare the Risk map.
(2)
Where

V Index
AH
A Agri
A0
A Cell

=
=
=
=
=

Vulnerability Index ( ranging from 0 to 10 )
Area Covered by House/Living Place
Area Covered by Agricultural Land
Area used for none
Area of one cell

(3)
Where

R Index
H Index

= Risk Index ( ranging from 0 to 50 )
= Hazard Index ( ranging from 0 to 5 )

V Index

= Vulnerability Index ( ranging from 0 to 10 )

5

Journal of Spatial Hydrology Vol.13, No.1 Fall 2017

Step 1: The whole area was sliced into 300m X 300m cells resulting in total 624 cells. Step 2:
Average inundation depth in each cell, was calculated by re-sampling the 20m resolution
inundation map obtained from inundation simulation to 300m resolution using Bilinear
interpolation method. Step 3: For each cell an integer value ranging from 0 to 5 was assigned as
a Hazard index according to inundation depth (shown in Table 1). Step 4: Equation (2) was used
for calculating Vulnerability Index. Weight factor 10 and 2 used for area covered by house and
agricultural land respectively. Step 5: A Risk index for each cell was calculated by multiplying
Hazard and Vulnerability index (Equation (3)). Step 6: Then these Risk values were converted
to raster format and imported to ArcGIS. Step 7: A Risk Map was prepared by classifying into
three distinct risk zones, corresponded to Low, Medium and High-risk area according to Risk
index (Table 2)
5. Results and Discussions
It is observed from simulation (Figure 4) that inundation depth ranges from 1 to 3 m covers
most of the area (64 % with respect to total inundated area). Southern part of the study area is
relatively low-lying where inundation depth is more than 3 m with maximum of 7.55 m.
However, built-up area located in western part is mostly unaffected due to higher topography.
Extent of inundated area is 20.24 km2 which is 54.47% of whole area. Table 3 shows the results
obtained from this analysis. The simulation result has been verified with observed inundation
depth of 1988 flood (Halcrow Group Ltd 2006b). It is noticed in 1988 flood that inundation
depth in the study area varies from 1 to 4 m which is also found in this analysis. Furthermore,
the result has been validated by comparing the extent of inundation found from satellite image
of just after (20th November 2007) devastating Category IV (Paul 2009) cyclone “Sidr” (which
struck Bangladesh on 16th November 2007). The satellite image shows the inundated area due to
heavy rainfall at that time as well as the current topography of the area which resembles mostly
with the results obtained from this study.
A Risk map (Figure 5) was prepared by classifying into three distinct risk zones, corresponded
to Low, Medium and High-risk area where risk was calculated as the product of hazard (i.e.
depth of inundation) and vulnerability (i.e. the exposure of people or assets to flood). It is
observed that high risk zone covers few areas and it is located mostly adjacent to river and in
transitional zone between western built-up area and low-lying area. In this area risk is high
because, area coverage with houses is high which means population density is also high; huge
damage for infrastructure and building may occur. High risk area represents low-lying built-up
area where people are more exposed to hazard than those living in other locations. It is also
observed that, in the western built-up area, there is no inundation means risk index is zero, is
completely risk-free though the area is densely populated. Southern area covered mostly by
agricultural land where inundation depth is maximum, falls in medium risk category though no
people living there. For the effective planning of flood defenses and the safety of the people
living in high risk areas, useful information can be provided using this Risk map. Priority can be
given to the developments necessary in this area. Aid can be provided, and necessary advance
action taken for a future flood event by understanding the map.
6 Conclusions
The study proposed an effective method for flood risk assessment by developing a flood risk
map by using satellite image, SRTM DEM and hydrologic field observed data. The study
demonstrates a simple and effective way to modify the collected DEM so that it represents the
6
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current topography. Flood risk map represents the current scenario of that area according to
degree of risk. The map provides helpful information about flood risk management and should
be useful in assigning priority for the development of high-risk areas. In addition, the study may
have considerable management implications for emergency preparedness, including aid and
relief operations in high risk areas in the future. This map may also help the responsible
authorities to better comprehend the inundation characteristics of the flood plains, the protection
of which is their responsibility. The general public will be made aware of the imagery of
flooding which helps in understanding the risk of flood. Finally, the map in digital form can be
used as a database to be shared among the various government and non-government agencies
responsible for the construction and development of flood defense.
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Table 1. Assigned Hazard Index (H) for varying inundation depth.
Inundation Depth

Hazard Index (H)

No inundation

0

Less than 1 m

1

1 to less than 2 m

2

2 to less than 3 m

3

3 to less than 4 m

4

4 m or more

5

Table 2. Area classification according to Risk Index.
Risk Index

Level of Risk

1 to less than 5

Low risk area

5 to less than 10

Medium risk area

More than 10

High risk area

Table 3. Percentage area inundated according to varying inundation depth.
Inundation Depth

Inundated area

% with respect to total

% with respect to

(sq. km)

inundated area

whole area

4 m or higher

1.09

5.39

2.93

3 to less than 4 m

3.33

16.45

8.96

2 to less than 3 m

7.01

34.63

18.86

1 to less than 2 m

5.84

28.85

15.72

Less than 1 m

2.97

14.67

7.99

Total

20.24

100.00

54.47
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(b) Original SRTM DEM

(a) Satellite Image of the study area (DigitalGlobe
image; Date of imagery: 7th March 2007)

(d) Modified DEM

(c) Land Use Map

Figure 1. Primary data: (a) Satellite image and (b) Original SRTM DEM; Processed data: (c) Land
use map and (d) Modified DEM.

11

Journal of Spatial Hydrology Vol.13, No.1 Fall 2017
SRTM DEM

Satellite Image
(Google Earth)

Land Use Map Creation

DEM Modification according
to Satellite Image

TIN Generation

Extraction of Manning’s n
Value from Land Use Map

Processing on HEC-GeoRAS
Tool & Export Data to
HEC-RAS

Processing on
HEC-RAS

Hydrologic Data

Model simulation for 100 year
Flood

Flood Depth and Extent
As Model output

Inundation Map

Flood Risk Map

Figure 2. Flow chart of methodology.
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Original DEM with
90 m Resolution

Convert data
Integer to Float

Resample DEM
Extract DEM data
Along River Path

90 m to 30 m

Extract DEM data

Resolution

of Land Filled Area

Convert

Convert

Raster to ASCII

Raster to ASCII

DEM Modification

DEM Modification

According to River

Merge with Original

By Raising

Cross-section

DEM

Elevation

Modified DEM with 30 m
Resolution

Figure 3. Flow chart of DEM modification.

Figure 4. Inundation map obtained from simulation.
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Figure 5. Flood risk map of study area.
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